The ability to distinguish between different states of a given cell, as well as between different types of cells, is crucial for a variety of fundamental and clinical life sciences applications. Those include the monitoring of biochemical processes in a living cell and effective early cancer screening, to name just a few. The most common approach to differentiating between different cell types is immunological. However, the specificity of such approaches is limited because different cell types may over-express the same molecules. Therefore, there is considerable interest in label-free approaches to distinguishing that relies entirely on the native properties of the cell, such as infrared spectroscopic cytology based on the quantification of vibrational fingerprints of cell's constituent molecules. Here we utilize a new experimental technique, Metasurface-Enhanced Infrared Spectroscopy (MEIRS), to interrogate the chemical composition of the cellular membranes. We utilize the strong field localization provided by plasmonic metasurfaces (see Fig.1a ) to probe the outer region of the cell that is in the more intimate contact with the metasurface than the rest of the cell. The localization depth of the field, which is tens of nanometers (see Fig.1b) , is comparable to the size of the cellular membrane.
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We will present first experimental demonstration of the enhancement of the infrared signal from the cells deposited on the metasurface (see Fig.1c ) that illuminated by incoherent IR light through the transparent substrate, and analyzed in reflection as shown in Fig.1d . The infrared fingerprint are analysed using the principal components analysis (PCA) and shown to provide clear differentiation between normal and cancerous epithelial cells. The results pertaining to differentiating different types of cells (epithelial and leucocytes) will also be presented, and the prospects for using MERS for "liquid biopsy" of metastatic cancer will be discuss in this talk. U.S. Government work not protected by U.S. copyright
